ABSTRACT: the uS national institutes of health, Fogarty International Center (NIH-FIC) has, for the past 13 years, been a leading funder of international research ethics education for resource-limited settings. Nearly half of the NIH-FIC funding in this area has gone to training programs that train individuals from sub-Saharan Africa. Identifying the impact of training investments, as well as the potential predictors of post-training success, can support curricular decisionmaking, help establish funding priorities, and recognize the ultimate outcomes of trainees and training pro grams. Comprehensive evaluation frameworks and targeted evaluation tools for bioethics training pro grams generally, and for international research ethics programs in particular, are largely absent from published literature. This paper shares an original conceptual framework, data collection tool, and detailed methods for evaluating the inputs, processes, outputs, and out comes of research ethics training programs serving individuals in resource-limited settings. This paper is part of a collection of papers analyzing the Fogarty International Center's International Research Ethics Education and Curriculum Development program.
The NIH-FIC competitive training grant mechanism focuses primarily on supporting programs that provide long-term, master's-level training (three months or greater in length) in bioethics and research ethics, with several funded programs providing one-year degree and nonde gree opportunities. The investment allows not only for training of technical personnel, but also of individuals who seek to devote a significant amount of their professional time to building research ethics systems and advancing teaching and scholarship on issues that are of importance to LMIC researchers and communities (Hyder et al., 2009 ).
Critical to any significant global investment in capacity development is periodic evaluation to measure program matic impact, support accountability, and facilitate refine ment of funding priorities. Programmatic impact can be measured at multiple levels, including the individual, institutional, national, regional, and global levels. Formal and informal methods may be employed, and assessments can be performed by internal and external evaluators (Posavac & Carey, 1997) . While some have assessed the short-term impact of research and research ethics training on the acquisition of knowledge and relevant skills (Aggarwal et al., 2011; Ajuwon & Kass, 2008) , very few models exist to assess the longer-term professional and regional impact of international research ethics training (Ali, Hyder, & Kass, 2012; Hyder et al., 2007) . The scholarly void may, in part, be attributable to challenges in defining relevant measures and predictors of impact in research ethics.
In 2011, the NIH-FIC solicited proposals to perform regional evaluations to assess the impact of a decade of NIH-funded international research ethics training (Millum et al., 2013) . Five proposals were funded as sup plements to existing training grants. Building upon our previous work in research ethics program and systems evaluation (Ali et al., 2012; Hyder et al., 2007; Hyder et al., 2013) , the Johns Hopkins-Fogarty African Bioethics Training Program (FABTP) received supplemental fund ing to conduct an empirical evaluation of the sub-Saharan regional impact of 10 NIH-FIC research ethics training programs that operated between 2001 and 2011. The spe cific aims of the assessment were first to measure the degree to which individuals trained under Fogarty African research ethics training programs have demonstrated evi dence of individual professional accomplishment, and second, to determine whether any individual, program matic, or institutional factors were associated with posttraining success in research ethics. In this paper we share, in detail, a framework, method, and tool developed for evaluating the inputs, processes, outputs, and outcomes of research ethics training programs serving individuals in LMICs; results are reported elsewhere. Given how little literature on strategies for assessing long-term training in bioethics for low resource settings was available when we started this project, we hope that the approach described in this paper can be of use to others who seek to measure the impact of capacity development in research ethics, and possibly in other areas of health research.
Empirical Approach
Framework A first objective of the evaluation was to identify an empirical framework or model for evaluating research ethics capacity development. Related published models have largely focused more narrowly on evaluating health research training. Seemingly relevant models seek to cap ture individual characteristics and training processes that influence trainee engagement with research, as well as the interactions between individuals' research accom plishments and "external drivers" such as institutional, political, social, economic, and cultural factors (Webster et al., 2011; Whitworth, Haining, & Stringer, 2012) . For example, Whitworth et al. propose an evaluation model that uses two frameworks to assess (1) the "individual participant's engagement in the research process" (their level of research activity), and (2) the "practice-academic partnership" (the institutional and value-based environ ment that influences the development and application of research knowledge and skills) (Whitworth et al., 2012) . The principal strength of this model is its consideration of the overlapping terrains of individual, program, and external level factors that influence capacity develop ment. It does not, however, provide detailed methods for implementation, nor is it designed to be sensitive to research ethics or the LMIC context. Another example of a somewhat similar model is offered by the Rural Research Capacity Building Program (RRCBP), which provides training through workshops and research project mentorship to advance research capacity among health workers in a rural part of Australia. In its evaluation model, the program assesses participants' self-reported changes in knowledge and skills during training. A subset of trainees, their managers, and mentors are also sampled for semi-structured qualitative inter views to assess the impact of teaching, mentoring, and networking (Webster et al., 2011) . While this approach potentially allows for greater specificity in determining personal influences on the professional development of individual trainees, when a larger study sample is required, individual interviewing becomes more challenging.
Our approach incorporates many of the strengths of the above-described models, using a modified health systems evaluation framework and applying it to research ethics capacity development programs. We first described our approach in 2007 and have since revisited its application with our own training program (Ali et al., 2012; Hyder et al., 2007) . We know of no other framework designed specifically to evaluate LMIC research ethics capacity development programs. A PubMed search conducted in January 2013 using MeSH terms that included "LowIncome, Middle-Income, Africa, African, Research, Ethics, Training, Evaluation, Capacity, and Development" yielded no other published models for international research ethics program evaluation. The framework (here inafter referred to as the FABTP framework) provides a structure for measuring the career impact of teaching, project-and practice-based learning, mentoring, and net working in research ethics. The FABTP framework has been further extended with this multiprogram evaluation to support the identification of potential predictors of suc cessful training, measured primarily through comparison of individual, program, and institutional factors with preand post-training research ethics productivity levels.
As previously described, the FABTP framework pro vides a matrix that can be populated with indicators of training program inputs, processes, outputs, and out comes at the pre-training, intra-training, and posttraining levels (Ali et al., 2012; Hyder et al., 2007) . With the addition of a third dimension, the framework also differentiates individual, programmatic, and institutional contributing factors (Figure 1 ). Once the framework's cells are populated with specific indicators and corresponding survey items-a process described in greater detail below-a multidimensional assessment of training pro gram impact is possible, allowing for pre/post training comparisons, as well as the identification of potential pre dictors of post-training outputs and outcomes. Having refined the FABTP framework to go beyond use for a single program and now to be used in this regional evaluation, we then proceeded with: (1) identi fying potential data sources and respondents; (2) popu lating the evaluation framework with indicators and items, and pairing items with methods for data collec tion; (3) developing data collection instruments; and (4) implementing data collection processes. While these stages are described separately below, the developmental process was significantly iterative.
Data SourceS For evaluation
The 10 independent training programs included in the evaluation were identified through a query of the NIH Two secondary data sources (NIH CareerTrac data base and annual program progress reports) and one pri mary source (individual trainees) were identified to support data collection efforts. The first secondary data source queried was the NIH CareerTrac database (US National Institutes of Health, Division of Extramural Research & Training). CareerTrac is an NIH-managed database established to support the tracking of NIHfunded trainees, their training status, and professional accomplishments. Access beyond NIH is limited primar ily to program directors and administrators charged with reporting annually the status and career achievements of trainees from their respective programs. The study team queried NIH for reports on trainees listed in CareerTrac who trained under programs meeting the above eligibil ity criteria. This led to the initial identification of 222 individual trainees. CareerTrac data available for eligible trainees were sparse and highly dependent on individual programs having provided required and optional trainee data to the NIH. Our February 2012 review of data made available for this evaluation revealed that out of the 10 programs, only one program had entered information in every prompted field in CareerTrac for more than 10% of its trainees (US National Institutes of Health, Division of Extramural Research & Training). As a result, while initially expected to be a source of information to help validate data obtained from primary sources, CareerTrac was most useful in verifying eligible training programs, developing an initial list of potential trainee respondents, identifying those few trainees who participated in more than one training program, and exploring possible indi cators with which to populate the FABTP framework. The other secondary data source was the annual non competing progress reports. Program progress reports are required to be submitted annually to the NIH by each program's Principal Investigator (PI) and include descriptions of activities undertaken by long-term trainees supported in the previous year, programmatic activities such as workshops, long-term program accom plishments, changes to program design, administrative challenges encountered, and future plans. For purposes of this evaluation, review of progress reports facilitated limited data verification, for example, by confirming the availability of practicum-based training experiences across programs, and informed the development of indi cators and survey questions designed to capture primary data from trainees. While somewhat useful for confirm ing program and institution-level data, progress reports had little utility for direct collection of trainee-level data as the reports mainly included information about train ees who were in training during the reporting year; moreover, once a program was no longer funded, trainee activities ceased to be formally reported.
The third and primary data source was the individual trainees themselves. After identifying a preliminary CareerTrac count of 222 eligible trainees, we asked all 10 program directors to confirm and supplement the list of trainees meeting eligibility criteria, based on their own records. As a result, 35 additional trainees were identi fied, of whom three were confirmed as deceased and one as not having any known contact information, resulting in a total of 253 eligible trainees in the target population. As described further below, data were collected from trainees using an online (SurveyMonkey ® ) survey to obtain primary self-reported data on trainee demo graphics, activities, accomplishments, and experiences before, during, and after their research ethics training. Approval for this project was obtained from the Johns Hopkins Bloomberg School of Public Health Institutional Review Board. The study was explained and voluntary participation was sought from potential trainee respon dents through a survey consent cover page.
inStrument DeveloPment anD Data collection
Our approach focused on the development of indicators capable of addressing the study objectives, mostly through the use of a survey to be administered to indi vidual trainees. Both a priori and emergent indicators were used to populate the FABTP framework. A priori indicators were drawn from previously published appli cations of the FABTP framework, CareerTrac data fields, and 12 years of experience with internal program evaluation and reporting. Emergent indicators came from discussions among the study team and with program directors about key aspects of the training pro grams. Table 2 lists sample indicators representing three overlapping dimensions of the evaluation framework. Training inputs, processes, outputs, and outcomes (first dimension) are assessed at the pre-training, intratraining, and post training levels (second dimension) and further categorized into individual, programmatic, and institutional domains (third dimension). Each cell of the framework is populated with indicators that rep resent the intersection of all three dimensions, for example, the number of publications a trainee authored or co-authored immediately prior to his/her enrollment in a training program is a pre-training individual input; the method of delivery used by a program for its course work is an intra-training program process; and the establishment of an alumni network by a training insti tution is a post-training institutional output (Table 2) .
Several indicators were also divided into sub-indicators; for example, the indicator "publications authored/ co-authored" was subdivided into bioethics and nonbio ethics publications. The populated FABTP framework was then presented to program directors for input focusing on potential missing indicators.
Data for most indicators and sub-indicators were gath ered through the trainee survey established for this evaluation project. Data for other indicators were gath ered through document review, for example, the age of a program was identified by reviewing data found in program progress reports and confirmed in the NIH RePORT database. Through biweekly team meetings, both open-and closed-ended survey items were drafted. We created a Microsoft Excel ® database to match survey The final trainee survey had two tracks: one for the majority of trainees who had participated in a single Fogarty-funded bioethics training program, and one for the few who had participated in two or more programs. The single-program instrument had 68 items, and the multiple-program instrument had 98 items. Both versions included survey sections for demographics, pre-training information, during-training information, post-training information, and personal reflections. The pre-and posttraining sections contained identical items, allowing us to compare outputs, for example, by measuring the number of publications a trainee had before or after training, or the number of classes he or she had taught before or after training. Sample trainee survey questions are provided in Table 3 ; the full survey is available on request.
The an iPad and an iPod (or equivalent). After the initial survey invitation was e-mailed in February 2013, followups occurred to troubleshoot e-mail bounce-backs, two reminders were sent to respondents who partially completed the survey, and seven biweekly reminders were emailed to all nonresponders. During the last four weeks of recruitment, we attempted to contact remaining nonresponders via telephone, where telephone numbers were available, to confirm that e-mail invitations were received. Of the telephone numbers attempted, 13 had voicemails where messages were left; no potential respondents were reached directly.
trainee Survey reSPonSe
At the end of 12 weeks, 171 complete responses were recorded (68% response rate): 164 respondents com pleted the single-program instrument and 7 completed the multiple-program instrument. Ninety percent of responses were received within one month of rollout, following four reminder e-mails. The median time for survey completion under the single-and multipleprogram tracks was 33.5 and 34 minutes, respectively. All open-and closed-ended survey responses were aggre gated and downloaded as a Microsoft Excel ® spreadsheet, then imported into STATA ® 12 for data cleaning and analy sis. Summary statistics were generated and univariate, bivariate, and logistic regression analyses were performed. Open-ended questions were coded separately, and grouped into emergent themes for content analysis. Additional details of analyses and results are reported separately.
Discussion
The US National Institutes of Health, Fogarty International Center has made a significant investment in international research ethics education and curriculum development. NIH-FIC requires annual reports and detailed updates from its grantees, describing short-and long-term accomplishments of both the program in general and of all individual trainees in order to identify whether and how programs are advancing the goals of the funding mechanism. NIH also encourages program collabora tions, resource sharing, and the development of bestpractices by, among other things, hosting annual meetings of program directors. With this recent initia tive to evaluate the impact of its research ethics training investment, NIH has further demonstrated its commit ment to high-quality capacity development. In doing so, it has also taken an important step to begin to fill a significant gap in the literature on strategies to evaluate international research ethics capacity development.
The methods and tools presented in this paper build on previously published approaches for single-program evaluation in research and research ethics (Ali et al., 2012; Hyder et al., 2007; Webster et al., 2011; Whitworth et al., 2012) and single-institution assessment in research ethics (Hyder et al., 2013) . The previously described published models for evaluating research capacity development offered by Whitworth et al. and Webster et al. provide good examples of how programs can utilize multidimen sional conceptual models for embedded program evaluation. Like many research capacity development programs, research ethics programs often seek to impart skills relevant to conducting mixed-methods empirical research. They also, however, focus equally on providing training and resources to develop skills in the interactive teaching of ethics, as well as the analytical capacities needed for research ethics committee service. Moreover, many research ethics trainees also seek training to enhance their capacity to contribute at the research ethics policy and systems levels so they can effectively raise awareness, improve operations, and build support for research ethics within their home institutions and national governments. Evaluating these diverse training functions requires the application of an evaluative framework that accounts for research, teaching, policy, and service-related activities in research ethics.
One of the greatest strengths of the described FABTP framework is its capacity to target trainees, programs, and institutions when determining training impact and predictors of impact. It also incorporates information from the various stages of engagement (pre-, intra-, and post-training) as well as the phases of development (inputs, processes, outputs, and outcomes). The breadth of the FABTP framework also presents some potential methodological challenges. Identifying appropriate indi cators and negotiating the multiple dimensions of the framework when developing instruments and collecting data requires a high degree of coordinated effort. Our experience suggests that relevant indicators should be identified in collaboration with stakeholders, and a phased approach is recommended for data collection. In this multiprogram evaluation, the research team sought the input of the 10 program directors as research meth ods were developed, tools refined, and data collected. In addition, the evaluation was phased to first collect sec ondary CareerTrac and progress report data, then primary data from trainees. Following this sequence improved accuracy in identifying potential respondents, informed the development of data collection instru ments, and allowed interim analyses to guide our approach to primary data collection.
Another important methodological finding from this evaluation was the relatively high and rapidly achieved response rate (68%). Internet bandwidth and stability is gradually improving across sub-Saharan Africa, yet pen etration is still comparatively low (Akue-Kpakpo, 2013). While we initially anticipated the need to implement a fallback strategy of sending downloadable or hardcopy surveys to trainees, it was not necessary to use this approach and all data were collected via the online survey. Factors that may have contributed to a good response rate include the approach used for contacting and re-contacting potential respondents via e-mail and phone, the recruitment support received from program directors, many of whom remain in contact with former trainees, as well as the incentive provided for two ran domly selected respondents. Open-ended question responses from trainees also indicated a widespread, sometimes profound, appreciation for the training received, which might suggest that trainees were strongly self-motivated to participate in the survey.
limitations
A noteworthy potential limitation of the described approach to primary data collection is recall bias, as the time since training completion can be significant for some respondents. In an effort to minimize recall bias, survey questions are not specific to narrowly defined time periods, and response options are provided as ranges rather than specific numbers. Combining data across primary and secondary sources also helps miti gate the potential effects of bias. Additionally, while we were able to secure a satisfactory response rate, 32% of eligible trainees did not respond to our trainee survey. We do not know whether the responses received were fully representative of the entire population. It is possi ble that those who felt they benefited least from their training were least likely to respond. We did not collect information from nonresponders, so we are unable to confirm whether this assumption is valid. To encourage responses from trainees who held diverse opinions of their training, our multiple e-mail invitations to poten tial respondents included the statement that it is valu able "to both the Fogarty International Center, and to individual programs, to hear feedback from trainees about what worked well and what needs improvement in the Fogarty-funded African bioethics programs. " research agenda
The approach described in this paper builds, in multi ple ways, upon our previously published model for evaluating research ethics capacity development: (1) it adds a new dimension to the FABTP framework that distinguishes individual, programmatic, and institu tional factors; (2) it utilizes broader stakeholder input to identify and confirm indicators and items; (3) it introduces an original, web-based trainee survey as a means for collecting primary data; and (4) it extends the approach beyond a single program to demonstrate an application across 10 programs. Additional research is needed to further refine, validate, and test the reli ability of the described approach, framework, and tool.
As NIH and other funders of capacity development seek to identify the value of their global investments, having an approach that can be adapted to various settings is important. Perhaps in conjunction with vali dation efforts, the approach described in this paper can likely be applied beyond sub-Saharan Africa to other programmatic regions within NIH-FIC's portfolio. Data from such evaluations could establish baselines for future comparative analyses. The FABTP framework can also possibly be adapted and utilized by other funders of international research ethics capacity development. Its utility beyond the domain of research ethics is unknown; however, future exploratory research could identify the scope of its application.
conclusion As a locus of change, much rests on the shoulders of individual trainees to share, apply, and expand their newly acquired knowledge and skills. Demands on trainees during and after training, in all areas of their personal and professional lives, can be high. Evaluations, such as the one described in this paper, are critical not only to identify effective program design and manage ment strategies, but also to appreciate the tremendous efforts and accomplishments of individuals who work extremely hard to establish careers and institutionalize research ethics in low-resourced settings. As research ethics training programs around the world develop further, we hope the approach to evaluation we have described can be further refined and applied locally and across programs to assess the impact of investments. 
